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[57] ABSTRACT 
A power ampli?er is provided, wherein the output of a 
?rst transistor supplied with an input signal at the base 
thereof is supplied to the base of a second transistor, a 
current proportional to a collector current of the sec 
ond transistor is supplied to the emitter of the first tran 
sistor by a current mirror circuit, a third transistor is 
provided for outputting an emitter current in accor 
dance with a base-to-emitter voltage of the second tran 
sistor, and emitter currents of the second and third 
transistors, in accordance with an emitter potential level 
of the ?rst transistor, is used as an output current. This 
con?guration allows non-linear portions in the transis 
tor characteristics to be cancelled by each other, 
thereby providing a power ampli?er which presents a 
good linearity. 

5 Claims, 3 Drawing Sheets 
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POWER AMPLIFIER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a power ampli?er for 

reducing non-linear distortion. 
2. Description of the Related Background Art 
In a single ended push-pull (SEPP) circuit, since the 10 

VBE— Ic characteristic presents an exponential change, 
if this type of circuit is used as a power ampli?er, distor 
tion may occur. conventionally, a voltage gain at a 
previous stage has been utilized to perform negative 
feedback (NFB) to remove such distortion, thereby 
improving the distortion ratio. 
However, if a load impedance cannot be speci?cally 

known as in the case of an audio ampli?er, performing 
NFB from an output may result in dif?culties in ensur 
ing the stability of a NFB loop system. 

Thus, for providing a power ampli?er which presents 
a low distortion ratio without NFB from an output, 
there is an ampli?er which reduces distortion at a previ 
ous stage. An ampli?er suitable for use in such a previ 
ous stage may be such one that is disclosed in Japanese 
Patent publication No. 61-41293. In this ampli?er, as 
shown in FIG. 1, a PNP transistor Q1 having the base 
applied with an input signal is operated as an emitter 
follower, and the output signal from the emitter fol 
lower is used as an input to the base of an NPN transis 
tor Q2. Then, these transistors Q1, Q2 in conductive 
types reverse to each other are supplied with currents i1 
and i;, always in a ?xed ratio relationship, by a current 
mirror circuit formed by transistors Q3, Q4, and resis 
tors R2, R3. Incidentally, an emitter resistor R1 is ar 
ranged between the emitter of the transistor Q2 and the 
ground to de?ne a circuit current. Also, a transistor Q5 
is provided to obtain an output of this circuit, and has 
the base commonly connected with the base of the 
transistor Q3 to form a current mirror circuit. The cur 
rent mirror circuit applies the resistor R5 with a current 
output which maintains a ?xed ratio to a current ?ow 
ing through the transistor Q2. An output transistor is 
further connected to the output of the ampli?er to con 
stitute a power ampli?er. When the ampli?er is used as 
an audio ampli?er, the output stage is generally formed 
by a complementary SEPP. 
However, in order to supply a load with a stable 

current from the output of the previous stage, the con 
ventional power ampli?er as described above requires 
an output stage such as an emitter follower to be con 
nected thereto such that its output current is supplied to 
the load, which results in a problem that the number of 
elements constituting the power ampli?er is increased 
and hence the circuit arrangement becomes compli 
cated. Also, the distortion generated by transistors in 
the output stage has still been a problem. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide a power ampli?er which is capable of having a 
good linear amplifying characteristic in a relatively 
simple construction. 
The power ampli?er according to the present inven 

tion comprises: a ?rst transistor for receiving an input 
signal at the base thereof; a second transistor in a con 
ductive type reverse to that of said ?rst transistor, hav 
ing a base coupled to receive the output of said ?rst 
transistor; current supplying means for supplying the 
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2 
emitter of said ?rst transistor with a current propor 
tional to a collector current of said second transistor; 
and output means for generating an output in accor 
dance with a current output from the emitter of said 
second transistor, wherein said output means has a third 
transistor for outputting an emitter current in accor 
dance with a base-to-emitter voltage of said second 
transistor, and a total of emitter currents of said second 
and third transistors is used as an output current of said 
power ampli?er. 

In the power ampli?er of the present invention, the 
output of the ?rst transistor supplied with an input sig 
nal at the base thereof is supplied to the base of the 
second transistor, the current proportional to the collec 
tor current of the second transistor is supplied to the 
emitter of the ?rst transistor by a current mirror circuit, 
and the emitter currents of the second and third transis 
tors, in accordance with an emitter potential level of the 
?rst transistor, is used as an output current. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a circuit diagram showing the arrangement 
of a conventional power ampli?er; 
FIG. 2 is a circuit diagram showing an embodiment 

of the present invention; and 
FIG. 3 is a circuit diagram showing another embodi 

ment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiments of the present invention will hereinaf 
ter be described in detail with reference to the accompa 
nying drawings. 
FIG. 2 shows a power ampli?er according to the 

present invention. In the power ampli?er, ?rst transis 
tors Q14, Q11, in emitter-follower con?guration, respec 
tively having the bases connected to an input terminal 
IN, are in a complementary relationship with each 
other. The PNP transistor Qla has the collector con 
nected to a power source —B, and the emitter con 
nected to a slave terminal S of a current mirror circuit 
1 through an emitter resistor R1”. The NPN transistor 
Q11, has the collector connected to a power source +B 
and the emitter connected to a slave terminal S of a 
current mirror circuit 2 through an emitter resistor R1 1,. 
The slave terminal S of the current mirror 1 is con 
nected to the respective bases of a second transistor Qga 
and a third transistor Q3,,. The transistor Qza is an NPN 
transistor for driving and has the collector connected to 
a master terminal M of the current mirror circuit 1 and 
the emitter connected to an output terminal OUT 
through an emitter resistor R24. The third transistor Q30 
as an output transistor is an NPN transistor which has 
the collector connected to the power source +B and 
the emitter connected to the output terminal OUT 
through an emitter resistor R3,,. The slave terminal S of 
the current mirror circuit 2 is connected to the respec 
tive bases of a driving transistor Q21, and an output tran 
sistor Q3b. In other words, the output signal of the tran 
sistor QM is applied to the bases of the transistors Qzq, 
Q3,,. The second transistors Q2”, Q21, and the third tran 
sistors Q3a, Q3b are respectively in a complementary 
relationship with each other. The transistors Qzb, Q31, 
are arranged symmetrically to the transistors Q24, Q3a, 
wherein the PNP transistor Qgb has the collector con 
nected to a master terminal M of the current mirror 
circuit 2 and the emitter connected to an output termi 
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nal OUT through an emitter resistor Rzb. The PNP 
transistor Q31, has the collector connected to the power 
source —B, and the emitter connected to the output 
terminal OUT through an emitter resistor Rgb. It should 
be noted that although the ?rst and second transistors 
are of reverse conductive types to each other, they are 
the same in characteristics. ‘ 

The current mirror circuit 1 is formed by transistors 
Q44, Q50 and resistors R44, R5,,, while the current mirror 
circuit 2 is formed by transistors Q4b, Q51, and resistors 
R41,, R51,. A bias circuit 3 is connected between the 
master terminals M of the respective current mirror 
circuits 1 and 2. The bias circuit 3 comprises a known 
regulated current circuit and operates as a start-up cir 
cuit upon power-on. 
The operation of the power ampli?er thus con 

structed will next be explained. 
During a no-signal period in which no audio signal is 

supplied to the input terminal IN, a current ?ows from 
the master terminal M of the current mirror circuit 1 to 
the collector of the transistor Q2a and the bias circuit 3. 
Speci?cally, assuming that a bias current ?owing 
through the bias circuit 3 is I}; and a collector current 
?owing through the collector of the transistor Q20 is 
IQ, a current IQ+IB ?ows. It should be noted that 
upon turning on the power supply, the bias current 13 
?rst ?ows to activate the circuit operation. The current 
IQ+IB is multiplied by (1+m) by the current mirror 
effect of the current mirror circuit 1 and output from 
the slave terminal S of the current mirror circuit 1. The 
output current of the current mirror circuit 1 ?ows into 
the emitter of the transistor Q1‘, through the emitter 
resistor R1”. A terminal potential level of the emitter 
resistor R1,, on the side of the slave terminal S is applied 
to the bases of the transistors Qza, Q3‘, to control the 
respective collector-to-emitter currents. The above 
mentioned value m is not more than 1, and a total of 
currents I32, I33 respectively ?owing into the bases of 
the transistors Q24, Q34 is mIQ. 
During a no-signal period, since a total of a voltage 

applied to the resistor RM and a base-to-emitter voltage 
of the transistor Old is equal to a total of a base-to-emit 
ter voltage of the transistor Qza and a voltage applied to 
the resistor Rza, the following 

(1 + m)IB + Icz _ (1) 
{(1 + mm; + 161ml. + Van ,SD - 

I 
I R V 02 20+ 11R ISD 

where VT represents a thermo-electromotive voltage, 
and VT=kT/q is satis?ed, where k represents a Bolt 
zmann constant; T an absolute temperature; and q a 
charge of electron. Also, IQ=IQ+IB2, ISD is a satura 
tion current of the transistors Qla, Q24. 

In the above equation (1), the exponential function 
sections on both sides represent a base-to-emitter volt 
age VBEl of the transistor Qla on the left side and a 
base-to-emitter voltage VBEZ Of the transistor Qga on 
the right side. Originally, these voltages are low values 
of approximately 0.6 volts. Further, under the condition 
that Ic2>(l+m)IB> >151) is satis?ed, the difference 
therebetween is small enough to be ignored, so that the 
equation (1) may be rewritten as follows: 
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4 
Therefore, the collector current IQ of the transistor 

Qga is expressed by: 

Ic2zR1n(1+m)IB/(R2a-R1a) (3) 

In the relationship between the transistors Q20 and 
Q3a, since voltages between the respective bases and the 
output terminal OUT are equal to each other, the fol» 
lowing equation is satis?ed: 

IE2 (4) 

where I E1, I 53 represent emitter currents of the transis 
tors Q2”, Q3“, respectively, and ISpa saturation current 
of the transistor Q3”. When transforming the equation 
(4), the following equation (5) is derived: 

1122181’ (5) 
Vin-E3123- + RZaIEZ — R3aIE3 = 0 

Incidentally, it is assumed that in the equations (4) 
and (5) direct current amplifying ratios hFE of the emit» 
ter-grounded transistors Q2”, Q3,, are suf?ciently large, 
and IE2=IQ and IE3=IC3 are satis?ed. 
If 

IE3 =gIEz (6) 

is satis?ed at an arbitrary current value between the 
emitter currents IE2 and 153, the equation (6) is substi 
tuted for the equation (5) to derive the following equa 
tion: 

IS)’ (7) 
V Tin gIsD 

A condition for the equation (7) to be always satis?ed 
irrespective of the value of the emitter current IE; that 
the exponential function section-and the ?rst order func 
tion section are always 0(zero). Therefore, from 

g: R2a/R3a (9) 
is satis?ed. 

Also, from 

1311 (10) 
=0 

IsP = gIsD 

is satis?ed. 
Therefore, from the equations (9) and (10), the value 

of g may satisfy the following equation in order to lin 
early amplify a current: 

g= ISP/ISD=R2a/R3a (11) 

Since 15p, 15p are values inherent to the transistors 
Q24, Q3a, if the speci?cations of the transistors Qga, Q3a 
are determined, the value of g is derived from the equa 
tion (11), from which the ratio of the resistors R3,; are 
clari?ed. From this ratio, the collector currents IQ, IQ 
during a no-signal period is determined. The respective 
current values and the values of m and g are set, for 
example, in the following manner. 13:10 mA, 132:1 
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mA, IB3=10 mA, mIcz=1lmA, IQ=29 mA, Ic3=690 
mA, 111: 11/29, g=(690+ l0)/(29+ 1) 

Explanation will next be given of a transfer conduc 
tance Gm which is the voltage-to-current transforming 
characteristic in a power ampli?er. First, assuming in a 
portion formed by the transistors Qla, Q20 and the cur 
rent mirror circuit 1 that a signal voltage at the input 
terminal IN is Vin, a signal voltage at the output termi 
nal OUT, i.e., a voltage applied to a load RLis Vout, the 
following equation is satis?ed: 

Vin+ VBE1+RiaIc1- VEE2—R2aICz=V0ut (12) 

In this equation (12), since VBE1zVBE2 is satis?ed as 
described above, V351 and VBEz are canceled by each 
other. If the collector current 161 of the transistor Qla is 
assumed to be equal to the emitter current of the same, 
Ic1=(l+m)IB+Ic2 stands, where since (l+m)IB is a 
constant, alternate current changing portions in the 
currents Icl, ICZ become equal. Assuming the alternate 
current changing portion is represented by AIC, the 
following equation is derived from the equation (12): 

Vin—Vout=(R2a—R1a)AIc (13) 

The transfer conductance G representing a favorable 
degree of the amplifying characteristic of a power am 
pli?er is a ratio of the difference between input and 
output voltages to the alternate current changing por 
tion, so that the transfer conductance Gml in this por 
tion is expressed by: 

Gm1=AId(Vin—Vout)=l/(R2a—R1a) (l4) 

Stated another way, a non-linear portion due to the 
V BE-Ic characteristic possessed by a transistor is can 
celled, and the transfer conductance is determined only 
by an emitter resistance. Also, in addition to IQ, the 
current 163 proportional to I62 (g times as much) is 
supplied to the load RL by the transistor Q3”, so that the 
transfer conductance Gml is multiplied by 1+g. Fur 
ther, since the power ampli?er circuit is in a push-pull 
con?guration, the transfer conductance Gml is again 
doubled when operated in class A, whereby the transfer 
conductance Gm for the whole circuit is expressed by: 

Since this transfer conductance Gm has no term indi 
cating non-linearity, the power ampli?cation can be 
performed with a linear characteristic. 
From the foregoing, a voltage gain of the power 

ampli?er according to the present invention is ex 
pressed by: 

Av=GmRL/(1+GmRL) (16) 

Since the transfer conductance Gm is a large value, 
the voltage gain Av is about 1. On the other hand, as 
suming that the alternate current amplifying ratio of the 
transistors Q14, Qlb, Q20, Q21, is h?g, a current gain Ai is 
expressed by: 

It should be noted that this current gain Ai is true in 
the case of class A operation and decreased to half in the 
case of class B operation. 

Incidentally, in the embodiment described above, the 
slave terminals S of the current mirror circuits 1, 2, i.e., 
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6 
the emitter outputs of the ?rst transistors are directly 
connected to the bases of the respective second and 
third transistors. Alternatively, the connection may be 
made through a resistor to the base of each transistor. 
Also, a plurality of third transistors and emitter resistors 
therefor may be connected in parallel for providing a 
higher output. 

Also, although in the embodiment described above, 
the power ampli?er is formed as a SEPP (Single Ended 
Push-Pull) type ampli?er circuit, it should be under 
stood that the present invention may be formed as a 
single ampli?er circuit. FIG. 3 shows an example of a 
circuit arrangement when the present invention is 
formed as such a single ampli?er circuit. 

In a power ampli?er shown in FIG. 3, the collector of 
a ?rst transistor Q11, having the base connected to an 
input terminal IN, is grounded. The emitter of the tran 
sistor Q11 is connected to a slave terminal S of a current 
mirror circuit 4 as well as the bases of second and third 
transistors Q12, Q13. The current mirror circuit 4 is 
constructed similarly to the current mirror circuit 1 of 
the ampli?er shown in FIG. 2. Also, the collector of the 
second transistor Q12 is connected to a master terminal 
M of the current mirror circuit 4. The third transistor 
Q13 has the collector connected to a power source +B 
and the emitter connected to an output terminal OUT 
together with the emitter of the second transistor Q12. 

In the single type power ampli?er as described above, 
a collector current of the transistor Q11 ?ows into the 
ground, and an emitter current of the transistor Q12 
?ows into a load RL through the output terminal OUT 
in accordance with an emitter potential level of the 
transistor Q11. Also an emitter current of the transistor 
Q13 ?ows into the load R L in accordance with a base-to 
emitter voltage of the transistor Q12. Since the speci?c 
operation of this power ampli?er is substantially similar 
to that of the SEPP type shown in FIG. 2, further de 
tailed explanation thereof will be omitted. 
According to the present invention as described 

above, non-linear portions on characteristics of transis 
tors are cancelled by each other, thereby providing a 
power ampli?er which presents a good linearity. Also, 
since an ampli?ed output of a signal supplied to the base 
of the ?rst transistor is taken from the emitters of the 
second and third transistors, a stable current can be 
supplied to a load in a con?guration simpler than con 
ventional power ampli?ers. 
What is claimed is: 
1. A power ampli?er comprising: 
a ?rst transistor for receiving an input signal at a base 

thereof; 
a second transistor in a conductive type reverse to 

that of said ?rst transistor, having a base coupled to 
a emitter of said ?rst transistor through a ?rst resis 
tor and an emitter coupled to a second resistor; 

current supplying means for supplying the coupled 
point of said ?rst resistor and the base of said sec 
ond transistor with a current proportional to a 
collector current of said second transistor; 

an output stage having a third transistor for output 
ting through a third resistor an emitter current in 
accordance with a base-to-emitter voltage of said 
second transistor; and 

output means for outputting a total of currents ?ow 
ing through said second and third resistors as an 
output current of said power ampli?er. 
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2. A power ampli?er according to claim 1 wherein 
said current supplying means comprises a current mir 
ror circuit. 

3. A power ampli?er according to claim 1, wherein 
said output stage comprises a plurality of transistors 
connected in parallel. 

4. A power ampli?er according to claim 1, wherein at 
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8 
least one of said second transistor and said third transis 
tor has at least one of a base resistor and an emitter 
resistor. 

5. A power ampli?er according to claim 1 which is 
formed by a complementary circuit perforating a push 
pull operation. 

* * * * * 


